Introduction
YVO 4 :Eu 3+ has a high quantum efficiency of red emission under UV light irradiation. We expect that YVO 4 :Eu 3+ nanoparticles can be used in some fields such as lighting and security, by taking advantage of transparent property in comparison with micron-sized particles. YVO 4 :Eu 3+ nanoparticles have been prepared by hydrothermal treatment [1] and by a low-temperature wet chemical process in the presence of citrate ions for limiting the growth of particles [2] . Few works on the photo-stability of nanophosphors except quantum dots has been done so far. Here we report photobleaching properties of YVO 4 :Eu 3+ nanophosphors synthesized by hydrothermal treatment in the presence of citrate ions.
Experimental
Nitrate hexahydrate of yttrium(III) and europium(III) were dissolved in ultrapure water at Eu/(Y + Eu) = 5.0 at%. This solution was mixed with an aqueous solution of sodium citrate to obtain a white suspension of Y-Eu citrate. In another vessel, sodium orthovanadate(V) was dissolved in a solution of sodium hydroxide at pH 12.5. Then this solution was added to the above-mentioned suspension. This mixture WRT was aged at 60°C for 30 min to obtain the sample W60. Additional hydrothermal treatment of this sample was carried out at 130°C for 6 h in the Teflon-lined stainless steal autoclave to obtain the sample W60-H130. On the other hand, hydrothermal treatment of the sample WRT was also carried out at either 130 or 200°C for 6 h to obtain the samples H130 and H200, respectively. The sample WRT without sodium citrate was prepared by the same hydrothermal treatment at 130°C for 6 h to obtain the sample H130-no cit. For all the samples, after cooling to room temperature, excess ions were removed by dialysis. Finally, powdered samples were obtained by a rotary evaporator.
3. Results and discussion 3.1 Particle and structural properties Table. 1 shows mean particle sizes measured by dynamic light scattering method. Comparison between H130 and H130-no cit shows that the addition of citrate ions plays a significant role in the size reduction by prevention of aggregation as well as the suppression of particle growth. The mean particle size gradually becomes larger at higher treatment temperatures.
As shown in Fig.1 , all the XRD peaks are indexed to YVO 4 (JCPDS 17-341). The XRD peak becomes sharper at higher treatment temperatures, showing higher crystallinity.
3.2 Photoluminescence and photobleaching properties Fig. 2 shows the photoluminescence (PL) and its excitation (PLE) spectra. The PL peak at 619 nm corresponds to the 5 D 0 -7 F 2 transition of Eu 3+ . The broad PLE peak around 250 ~ 350 nm is assigned to O 2− → V 5+ charge transfer, followed by energy transfer to Eu 3+ . Fig.3 shows the photobleaching curves, i.e., the change in the PL intensity at 619 nm under continuous 302 nm excitation. The photobleach is attributed to adsorbed citrate ions, as confirmed by comparison between curves (b) and (d) in Fig.3 . Hydrothermal treatment at higher temperatures increases the I 0 value, and decreases the fraction of photobleach, (I 0 −I F )/I 0 , where I 0 is the initial PL intensity and I F is the PL intensity after the irradiation for 7200 s. This indicates that hydrothermal treatment is effective for suppressing the photobleach to some extent. We infer that hydrothermal treatment weakens their coordination bonds and desorbs a part of citrate ions, resulting in the suppression of the photobleach. 
